High repetition pulse/ high frequency generators are of great interest for scientific and technological applications, including high voltage devices. This paper addresses the design and development of a high repetition pulse generator using a PIC microcontroller (PIC 16F877A). The PIC microcontroller generates two PWM pulses to drive the IGBTs through the optocouplers, which can perform fast switching in high voltage devices with low switching losses. The voltage and current supplied by the optocouplers make it perfectly suitable for the driving operations of IGBTs. Experiments were carried out to test its efficiency, and the waveforms of high repetition pulse frequency were observed by oscilloscope. The results of its operation present that the system could be used in the frequency range 2kHz < f < 200kHz. The system was also simulated by a Matlab Simulink model, in which two types of transformer were introduced to predict its validity in real operation with high voltage devices. The simulated results of the designed pulse generator show that the ignition coil transformer is more suitable than other iron core transformers for a high voltage with high pulse frequency. The system could be easily integrated with other high voltage devices to produce high pulsed frequency high voltages.
INTRODUCTION
High pulse frequency devices are widely used in industrial applications, biological and medical applications, chemical industries and food industries, such as in ozone generation [1] , electroperturbation effects [2] , clinical electrochemotherapy [3] , ultrasound systems [4] , environmental protection [5] , inactivation of naturally grown microorganisms in orange juice [6] , atmosphere plasma [7] , methanne conversion rates [8] and many more. Many types of high pulse generator for high voltage applications are commercially available, however alternative methods are still being sought for cost-effective solutions to all the above-mentioned applications. The use of PIC microcontrollers has become popular in power electronics which can generate pulse width modulation (PWM) signals with high pulse frequency. High frequencies up to several kilohertz are also possible with power electronic switching devices such as MOSFET's and IGBT's. The PIC 16F877A microcontroller is chosen for the development of high pulse frequency because of its low cost, ease in development and fast response. The microcontroller can vary the frequency signal that controls the applied voltage on the gate drive IGBT's, which requires the PWM frequency at the output. Furthermore, PIC 16F877A is highly portable, has a low current consumption and a high performance RISC CPU, and it has an operating speed of 20MHz [9] . The IGBT gate driver optocoupler is selected because it has the highest switching speed to drive the IGBT. The insulated gate drive transistor (IGBT) is a highly efficient semiconductor switching device since it has a good performance in high voltage switching and low switching losses.
The industrial environment for the application of high pulse generators to produce high voltage is currently expanding. Two different technologies have been developed in the past, in which the pulse is obtained directly through high voltage or the pulses are generated at the low medium link and then amplified for the pulse transformer [10] . The technique can be used to generate high voltages by implementing a combination of the microcontroller and semiconductor switching devices with the use of step up transformers such as a neon transformer, flyback transformer, ignition coil transformer, and others. Secondly, the transformer is used to further increase the voltage pulses which are limited due to the existence of parasitic elements that worsen the pulse shape [11] .
Several types of transformer are used in high pulse generators. An iron core material is widely used in power applications for excitation frequency because of its flexibility and geometrical arrangement of sheets that can be changed in several different ways for core construction [12] . Furthermore, an iron core is capable of satisfying most inductor requirements. The effect produced by eddy currents is important and it is produced due to the iron's high conductivity, starting from frequencies of a few tens of kilohertz. A ferrite core material offers some advantages because it has a lower core loss compared to the iron core material. The electrical conductivity limits the magnitude of eddy currents and allows the ferrite to operate properly at frequencies of up to several megahertz. Furthermore, the ferrite is limited to some applications that require the core dimensions to be reduced, such as small signal high frequencies or small inductance reactors [12] . A ferrite core material is also more expensive compared to an iron core.
In this paper the design and development of an automatic high repetition pulse generator using a PIC microcontroller (PIC 16F877A) is presented. The PIC microcontroller was used to generate two PWM pulses to drive the IGBTs through the optocouplers, which can perform fast switching in high voltage devices with low switching losses. A Matlab Simulink model was also developed to simulate the system ,in which two types of transformer were introduced to predict its validity in real operation with high voltage devices. Details of the software and hardware of its design and operation have been discussed.
II. DESIGN OF A HIGH REPETITION PULSE GENERATOR
The schematic diagram of the developed circuit is shown in Fig.1 . A source code using microBasic Pro for PIC was developed for pulse width modulation (PWM). The code was compiled and no errors were generated in the output file of microBasic. Finally, the code was burned into a PIC 16F877A microcontroller using PICkit2, which is used to program it. In this way the program in the PIC microcontroller can be programmed and reprogrammed. The PIC microcontroller was used to produce two PWM's signal which can be used for two applications in one circuit. One of the tasks of the microcontroller program was to vary the duty cycle, and the other was to vary the frequency. The duty cycle can be varied from 0% to 100% by using the switch, and the frequency can be changed from 2kHz to 200kHz. The PWM signals from the microcontroller are applied to the IGBT's gate through gate driver. The current and voltage supplied by this gate driver directly match the IGBT. The oscillograph of the PWM waveform was observed in the high frequency range and also by varying the frequency and duty cycle.
The circuit was designed on a double layer printed circuit board (PCB) using Protel Advanced PCB software. The design must be precisely placed so that the components fit well. On the multiple layer board, the holes are plated internally with copper so that the bottom and top of the board are electrically connected at every hole. Most of the holes are for the fitted components but some holes exist just to connect the copper line known as the track or trace. These special holes are known as vias. The top and bottom design of the PCB is shown in Figure 2 . While Figure 3 and Figure 4 show the top and bottom of a developed PCB. III. SIMULINK MODEL A Simulink model of a repetition pulse generator coupled with iron core transformers is developed using MATLAB R2009b to check the reliability of the pulse generator in the case of real devices. The schematic of the Simulink model is shown in Figure 8 . The simulated waveform of the pulses produced at the input/output of the IGBT were obtained and fed into the real transformer. The values of inductance, resistance and capacitance of the real transformer were measured with a LCR meter at the primary and secondary winding of the transformer. The simulation was run with these values input in the Simulink model. Three different iron core transformers were used in the simulation, the results of which are depicted below. A block diagram of the Simulink model is shown in Figure 8 The simulation results for different types of iron core transformer are shown in Figure 9 and Figure 10 . The values of different parameters of iron core transformers were changed accordingly in the Matlab Simulink model, and the data were recorded manually to obtain the waveform, which are depicted in the V. DISCUSSION On the basis of experimental results which have been discussed above, the output waveform changes with the high pulse frequency for every increased value of frequency. The PIC microcontroller is successfully used to drive the IGBT, and the implemented design successfully presents a high repetition pulse frequency in the range of 2 kHz< f<200 kHz. The system works well in the applicable frequency range of 2 kHz< f <200 kHz, and if f <2 kHz a message text is displayed in microBasic as "out of range", while in case of f > 200 kHz it will produce a sinusoidal waveform. It was also observed that when the frequency is over the limit no PWM pulses were obtained.
The pulses show a very obvious spike when the frequency is increased. This occurs because the output at high frequency has a time constant of the circuit which is much shorter than the periodic time of the wave. The output wave from IGBT is not the same as the input wave of the microcontroller but it consists of narrow positive and negative spikes. Moreover, a voltage spike is also due to the rapid rise time of the IGBT [14] .
The transient occurred at the falling edge when the frequency is increased to more than 20 kHz. This is caused by the capacitor value or the type of capacitor. Another option that can be used to solve this problem is to change the capacitor with a high frequency capacitor.
The values of peak to peak voltage drop when the frequencies are increased for both PWMs but the value of maximum voltage is almost 15V, which is the same as the supply voltage. However, in pulse discharge applications the peak voltage (V p ) or maximum voltage (V max ) are the most important to consider, rather than the peak to peak voltage (V pp ). Since the microcontroller has two PWMs output it can be used separately for two different applications as well as a sequence input for one application. This can be done by shifting one of the PWM outputs half a cycle from the other, and then the frequency of the PWM will be doubled.
In practical application, the high pulse generator will be connected to a transformer. A study of two types of step up transformer is shown in Figure 9, Figure 10 , Figure 11 and Figure  12 . The waveform of the iron core transformer in Figure 9 and Figure 10 shows that the voltage increases exponentially with time and then becomes constant when the limit is exceeded. Usually the iron core transformer is used in low frequency mode operations. For this operation the frequency was set in the range of 2 kHz to 200 kHz. At high frequency the iron core is saturated.
In the case of the ignition coil transformer, the waveforms shown in Figure 11 and Figure 12 have a linear trend. The performance of the ignition coil transformer is better than the other iron core transformer. This is because the linear behaviour of this kind of ignition coil can be used to up to 200 kHz for high voltage applications. Furthermore, the performance of the small size ignition coil is better than the performance of cylindrical large size ignition coil transformers. This is because the coils of small ignition coils can work in low current conditions and the energy losses are also lower compared to large cylindrical ignition coils [15] .
VI.
CONCLUSION The aim of this project is to develop a high repetition pulse generator using a PIC 16F877A microcontroller by varying the PWM signal from the microcontroller to several PWM frequencies and duty cycles. The development of a high repetition pulse generator was successfully achieved. The effect of changing the frequency and duty cycle was observed in the waveform on the oscilloscope. The high voltage characteristic of the transformer of different iron core transformers was verified through simulation results, in which the ignition coil transformer is found to be a suitable transformer that can be used in this high frequency range. On the basis of the analysis of the test data it can be concluded that the applicable frequency range for this system is 2kHz< f <200kHz. This system is applicable for high voltage applications such as switching purposes. .
